Background and aims: Salmonella infections remain a major public health problem in developing countries. The occurrence of infections caused by antimicrobial-resistant Salmonella has been on the rise complicating the available therapeutic options. The study aimed to determine the antibiograms and genotypes of prevalent Salmonella serotypes. Methods: A retrospective study involving 80 stool and extra-intestinal Salmonella strains collected over a 18-month period (January 2005-June 2006) from a tertiary hospital in Penang, Malaysia was conducted. Isolates were examined for resistance to 14 antimicrobial drugs and the clonality of the strains was determined by PFGE. Results: Twenty-one serotypes were identified, the most common being S. enteritidis (42.5%) followed by S. corvallis (11.25%) and S. braenderup (11.25%). S. enteritidis was significantly more common amongst the extra-intestinal isolates compared to stool isolates (74.2% versus 22.4%, p < 0.0001). Overall, the highest resistance was observed for tetracycline (66.3%), sulphonamides (56.3%), streptomycin (32.5%), trimethoprim (28.8%) and nalidixic acid (27.5%). Amongst the 31 invasive extraintestinal isolates, resistance towards therapeutically relevant antibiotics was as follows: co-trimoxazole (38.7%), ampicillin (29%) and ceftriaxone (3.2%). Although there was no detectable resistance towards chloramphenicol and ciprofloxacin, 29% strains showed nalidixic acid resistance. About 41% of the 80 isolates were multidrugresistant. PFGE subtyped the 78 Salmonella isolates to 33 distinct XbaI-pulsotypes. Isolates within the serotypes S. enteritidis, S. corvallis, S. branderup and S. fasta were more homogeneous while S. typhi and S. weltervden were genetically more diverse.
Introduction
The occurrence of food-borne diseases caused by non-typhoid Salmonella (NTS) is an important public health problem worldwide. Although selflimiting acute gastroenteritis is the most common clinical manifestation, invasion beyond the gastrointestinal tract occurs in approximately 5% of the patients with NTS gastroenteritis resulting in bacteraemia [1] . As a larger proportion of patients have become immunocompromised either due to certain primary diseases or modern aggressive therapies, the occurrence of NTS invasive disease appears to be increasing [2] . Invasive diseases associated with NTS infections include bacteraemia, mycotic aneurysm, pleuropulmonary infections, osteomyelitis, visceral abscess and septic arthritis [3] . Although antimicrobials are not generally recommended for the treatment of uncomplicated Salmonella gastroenteritis, therapy may be crucial in immunocompromised patients or in those with extra-intestinal infections.
The incidence of human infections caused by antimicrobial-resistant Salmonella has been on the rise and is threatening to become a serious public health crisis [4, 5] . During the past two decades, multiple resistances to conventional antimicrobial agents such as ampicillin, chloramphenicol and trimethoprim/sulphamethoxazole have been reported from many countries [4, 5] Thirdgeneration cephalosporins and fluoroquinolones are recommended as alternatives in such settings. Of greater concern is the growing resistance of Salmonella to extended-spectrum cephalosporins [6] and fluoroquinolones [4, 7] which are likely to lead to therapeutic problems.
Subtyping of Salmonella serotypes is important for epidemiological investigations of Salmonella outbreaks and surveillance purposes. Although conventional phenotypic methods such as biotyping, serotyping and phage typing have been widely used, they are less discriminative. In contrast, molecular approaches such as pulsed-field gel electrophoresis (PFGE) offer higher discrimination, typeability and reproducibility [8] . PFGE has been widely regarded as the ''gold standard'' for Salmonella subtyping because of its high discriminatory ability and the availability of standardized protocols [9] .
This study was undertaken to determine the antibiotic resistance patterns, serotype distribution and the pulsotypes amongst the Salmonella isolates from a tertiary hospital in Penang, Malaysia. This is the first report of the diversity of clinical Salmonella from this tertiary hospital.
Materials and methods
A total of 80 stool and extra-intestinal Salmonella strains that had been collected over an 18 month period (January 2005-June 2006) were examined for antimicrobial resistance to 13 antimicrobial drugs. The strains were obtained from the microbiology laboratory of an 1100-bedded Malaysian tertiary hospital which serves as a referral hospital for many disciplines including haematology, oncology, rheumatology, infectious diseases, nephrology, cardiology, cardiothoracic surgery as well as serving the local population. Only one isolate per person was included for analysis purpose.
Identification and antibiotic susceptibility
All isolates were identified as Salmonella according to standard microbiological techniques [10] . Serotyping of all Salmonella isolates was performed according to Kaufmann-White scheme using O and H antisera (Difco, BD BBL) [11] . Antibiotic susceptibility was performed using a panel of 14 different antimicrobial agents and was determined by means of Kirby -Bauer disk diffusion method using the guidelines provided by Clinical Laboratory Standard Institute (CLSI) [12] . The Salmonella isolates were tested against ampicillin 10 g; chloramphenicol 30 g; sulphonamide 300 g; trimethoprim/sulphamethoxazole (co-trimoxazole) 25 g; trimethoprim 5 g; tetracycline 30 g; gentamicin 10 g; kanamycin 30 g; streptomycin 10 g; nalidixic acid 30 g; ciprofloxacin 5 g; ceftriaxone 30 g; cephalexin 30 g; cefotaxime 30 g. Escherichia coli ATCC 25,922 was used as a reference strain. Antimicrobial agents were categorized according to CLSI antimicrobial subclasses and isolates were assigned to categories depending on the number of antibiotic subclass it was resistant to. Multidrug-resistance was defined as resistance to three or more antimicrobials subclasses.
Data was analyzed using the Statistical Package for Social Sciences (SPSS version 15.0). Comparison amongst certain variables was determined by the Fisher's exact test or Chi-squared test. The pvalue < 0.05 (two-tailed) was taken as the level of significance.
Pulsed-field gel electrophoresis typing
Genomic DNA was prepared and embedded in agarose plugs as described previously [8] . Briefly, equal volumes of 1% Seakem Gold agarose (Cambrex Bio Science Rockland, Inc., Rockland, ME, USA) were mixed with 100 L cell standardized suspension (turbidity = 0.5) to form plugs. The bacteria were lysed within the plugs with cell lysis buffer (50 mM Tris; 50 mM ethylenediaminetetraacetic acid [TE buffer; pH 8.0], 1% sarcosine, 1 mg/mL proteinase K) and incubated at 54 • C for 3 h. The plugs were then washed thoroughly with sterile deionised water (twice) and TE buffer. Then, 1.5-mm plug slices were digested with 10 units of restriction enzyme XbaI (Promega) at 37 • C. The plug slices were then loaded onto a 1.0% agarose gel (Sigma Type 1; Sigma Corp., St. Louis, MO, USA). PFGE was performed with the CHEF DR II (BioRad, Hercules, CA, USA) with the following conditions: 200 V for 26 h with pulse times of 2.2-63.8 s at 14 • C. Gels were photographed under ultraviolet light after staining with ethidium bromide (0.5 g/mL). XbaI restricted-Salmonella Braenderup, strain H9812 was used as the DNA size marker and control.
Fingerprint pattern analysis
The banding patterns generated by PFGE were analyzed with GelCompar II, (Applied Maths, Kortrijk, Belgium). All the PFGE profiles were assigned arbitrary designation and analyzed by defining a similarity (Dice) coefficient F = 2n xy /(n x + n y ) where n x = number of fragments for isolate X, n y = number of fragments for isolate Y, and n xy = number of shared fragments between isolates X and Y [8] . Cluster analysis of the pulsotypes was carried out based on the unweighted pair group method with arithmetic averages (UPGMA) using the position tolerance at 1%.
Results

Serotypes
In the present study, 80 Salmonella isolates were recovered from different sites (one isolate per patient). Overall, S. enteritidis was the predominant serotype accounting for 42.5% of isolates, followed by S. corvallis (11.3%) and S. braenderup (11.3%). The other serotypes isolated were S. farsta and S. typhi (6 
Antibiotic susceptibility
Overall, only 12.5% (10/80) of isolates demonstrated no resistance to any antimicrobials. The frequency of resistance to individual antimicrobials is shown in Table 1 . Overall, tetracycline was associated with highest resistance rates (66.3%) followed by sulphonamides (56.3%), streptomycin (32.5%) and trimethoprim (28.8%). Against therapeutically relevant first-line antimicrobials, resistance was highest against co-trimoxazole (25%) followed by ampicillin (18.8%) and chloramphenicol (5%). Of particular note was a high proportion of isolates that were resistance to nalidixic acid (27.5%). Amongst the 22 nalidixic acid-resistant isolates, three had concurrent ciprofloxacin resistance and three isolates showed intermediate susceptibility towards ciprofloxacin. Five isolates (6.3%) showed resistance towards ceftriaxone. Resistance to ceftriaxone was identified in three stool-and two urine isolates and was associated with 3 isolates of S. enteritidis and one isolate each for S. lagos and S. eppendorf.
Amongst the 31 invasive extra-intestinal isolates, resistance towards therapeutically relevant antibiotics was as follows: co-trimoxazole (38.7%), ampicillin (29%) and ceftriaxone (3.2%). Although there was no detectable resistance towards ciprofloxacin amongst the extra-intestinal isolates, almost one-third (29%) of these isolates demonstrated resistance towards nalidixic acid. Likewise, no resistance towards chloramphenicol was observed. When comparing the resistance rates between extra-intestinal and stool isolates, extraintestinal isolates were found to have significantly higher rates of resistance towards sulphonamides 
Genetic diversity of Salmonella by PFGE
DNA fingerprinting of 78 Salmonella isolates by PFGE revealed 33 distinct XbaI restriction patterns referred to as pulsotypes (Dice coefficient, F = 0.50-1.00). All the pulsotypes were reproducible when the PFGE analysis was repeated once. PFGE was very discriminative as it distinctly separated all isolates of different Salmonella serotypes. A cluster analysis of the pulsotypes is depicted in the dendrogram (Fig. 1) . At 80% similarity, five clusters were obtained. Each cluster is comprised of members of the same Salmonella serotypes. Within the S. enteritidis cluster, the 34 isolates were differentiated into 7 different pulsotypes (<4 bands difference), with the majority belonging to pulstotype SEXba1 (n = 20). Pulstoypes SEXba2 (n = 5) and SEXba3 (n = 5) differed from SEXba1 by 2 bands (Table 3 ). In the Corvallis cluster, the 9 isolates were subtyped into 2 pulsotypes (<2 bands difference) with 7 of them being indistinguishable (Table 3 ). All the 9 S. braenderup isolates were indistinguishable. S. farsta (n = 5) and S. typhi (n = 5) were subtyped into 4 and 5 pulsotypes, respectively. Other minor serotypes had unique pulstotypes (Table 3 and Fig. 1) . Overall, the genetic diversity isolates within the serotypes S. enteritidis, S. corvallis, S. branderup and S. fasta was low while members of S. typhi and S. weltervden were genetically more diverse.
Discussion
Salmonellae are important food-and water-borne pathogens associated with gastroenteritis, bacteraemia and focal infections in humans and are especially problematic in immunocompromised patients [2] . Thus, the increasing reports of resistance to multiple antimicrobial agents are a cause of concern as it can lead to therapeutic failure. The growing antimicrobial resistance amongst human Salmonella isolates has been linked to the misuse and overuse of antimicrobials in the breeding and agricultural sector, acquired by ingestion of foods contaminated with antimicrobial-resistant Salmonella [13] . Multidrug-resistance, defined as resistance to three or more classes of antibiotics was observed in 41.3% of our isolates. The resistance rates towards therapeutically relevant first-line antibiotics, although relatively high (cotrimoxazole, 25% and ampicillin, 18.8%), was still lower compared to reports from countries like Figure 1 Dendrogram generated using the Dice coefficient based on PFGE profiles of the 80 Salmonella isolates restricted with XbaI, constructed using UPGMA algorithm (GelComparII). Taiwan and Thailand [3, 14] . Interestingly, only 5% of the Salmonella strains in our study were resistant to chloramphenicol, compared to much higher rates noted in other Asian countries like Taiwan, Thailand and Korea [14] .
Ciprofloxacin and third-generation cephalosporins are the antimicrobial agents recommended for the treatment of complicated extra-intestinal infections. Continued emergence and dissemination of Salmonella strains with Table 3 Distribution of pulsotypes of clinical Salmonella isolates.
Salmonella serotypes
Pulsotypes (no/source)
S. enteritidis
SEXba1 (n = 20) (blood = 10, stools = 7, urine = 2, fluid n = 1) SEXba2 (n = 5) (blood = 4, stools n = 1) SEXba3 (n = 5) (blood = 1, stools = 3, fluid n = 1) SEXba4 (n = 1, blood) SEXba5 (n = 1, blood) SEXba6 (n = 1, urine) SEXba7 (n = 1, blood) S. braenderup SBDXba1 (n = 9, stools) S. corvallis SCVXba1 (n = 7, stools) SCVXba2 (n = 2, stools) S. typhi STXba1 (n = 1, blood) STXba2 (n = 1, blood) STXba3 (n = 1, blood) STXba4 (n = 1, blood) STXba5 (n = 1, stool) S. lagos SLXba1 (n = 1, stools) SLXba2 (n = 1, stools) S. farsta SFXba1 (n = 3, stools) SFXba2 (n = 1, stools) SFXba3 (n = 1, stools) S. welterveden SWXba1 (n = 1, stools) SWXba2 (n = 1, stools) SWXba3 (n = 1, stools) reduced susceptibility to these antimicrobials are likely to have worrying clinical consequences [4] [5] [6] [7] . Extended spectrum beta-lactamases (ESBLs) that confer resistance to third-generation cephalosporins are increasingly being reported in the Enterobacteriaceae and concern has been expressed regarding their presence in Salmonella [6] . The rate of resistance to ceftriaxone and ciprofloxacin found in the present study, although very low compared to some countries is Asia [3, 6, 7, 14] , is still a cause for great concern as resistant enteric organisms disseminates quickly. Except for one strain which was isolated from urine, all the ciprofloxacin and ceftriaxone resistant strains were recovered from stool samples.
In the present study, a high percentage of the isolates were noted to be resistant to nalidixic acid, (overall 27.5% and extra-intestinal 29%) compared to an overall ciprofloxacin resistance of only 3.8%. Although the MICs of ciprofloxacin were not tested, studies have shown that the risk of treatment failure is increased when ciprofloxacin is used to treat patients with infection due to Salmonella species resistant to nalidixic acid, even if the organism is considered to be susceptible to ciprofloxacin according to current standards [15] . In the present study, multidrug-resistance was significantly less common amongst S. enteritidis compared with other serotypes, concurring with the findings from other studies [16] . There has been a concern involving the emergence and dissemination of multidrug resistant strains such as S. typhimurium phage type DT104, conferring resistance to ampicillin, streptomycin, sulphonamide, chloramphenicol and tetracycline (resistance-type ASSuCT); which could be transferred clonally and also horizontally to other serotypes [17] . Although the only isolate of S. typhimurium in the present study did not exhibit the ASSuCT R-type resistance, two other isolates from stool (S. albany and S. limete) did show this type of resistance.
S. enteritidis was the most frequent serotype in our locality, both from stool as well as extraintestinal isolates, a trend similar to that reported in countries like Japan, Korea and Thailand [18] . S. choleraesuis and S. typhimurium, which are common in Taiwan [14] , represented only 1.3% of our isolates. Less common serotypes, such as S. rissen, S. biafra, S. sandiego, S. eppendorf, S. hata, and S. limete were observed only once during the study period and this indicates a diversity of clinically important Salmonella.
The prevalence of different serotypes and their mostly dissimilar DNA fingerprint profiles correlate with the fact that the isolates were derived from sporadic cases of gastroenteritis sampled throughout the study period. Multiple pulsotypes are often associated with sporadic cases in endemic areas as opposed to single PFGE genotypes in outbreak cases [19] . The indistinguishable S. branderup could have implied that the isolates were probably from a single episode of gastroenteritis as stool samples were sent to laboratory on the same the day and had almost identical antibiograms. Similarly, 3 out of 5 S. farsta were indistinguishable by PFGE and antibiograms. The lack of genetic diversity observed for S. enteritidis as determined by PFGE is not surprising as previous studies have shown that this serotype is highly clonal [20] . The SEXbaI pattern seen in this study was also observed as the dominant pattern generated by XbaI-restricted S. enteritidis isolates in a 1995 outbreak in Kuala Lumpur [20] . This suggests that S. enteritidis isolates with this particular profile are endemic in Malaysia and have been genetically quite stable for more than a decade. On the other hand, the XbaIprofiles of S. weltevreden isolates in this study were completely different from the clinical isolates from different parts of Malaysia isolated from 1996 to 2001 [8] .
Conclusion
In conclusion, this study highlights a widespread presence of multidrug-resistant Salmonella strains which is of public health concern and has important implications on therapeutic management. PFGE is a useful and discriminative method for assessing the genetic diversity of Salmonellae. It is hoped that the data reported herein will contribute towards the epidemiological monitoring of Salmonella in Malaysia.
